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(57) ABSTRACT 

For tubing/casing annulus plug treatment to plug a well, a 
tubing/casing annulus plug additive including a dry mixture 
of water soluble crosslinkable polymer, a crosslinking agent, 
and a reinforcing material of fibers and/or comminuted plant 
materials. The method of forming a tubing/casing annulus 
plug fluid includes contacting the additive with water or an 
aqueous solution, with a method of plugging the tubing/ 
casing annulus of a well further including the step of 
injecting the Quid into the annulus. 

10 Claims, No Drawings 
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ADDITIVE FOR, TREATMENT FLUID FOR, 
AND METHOD OF PLUGGING A TUBING/ 
CASING ANNULUS IN A WELL BORE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to tubing/casing annulus 
plug additives, to tubing/casing annulus plug treatment 
fluids made therefrom, to methods of plugging a tubing/ 
casing annulus in a well bore. In another aspect, the present 
invention relates to tubing/casing annulus plug additives 
comprising polymer and fibers or comminuted plant 
materials, to tubing/casing annulus plug treatment fluids 
made therefrom, to methods plugging a tubing/casing annu- 
lus in a well bore. 

2. Description of the Related Art 

Portland cement is commonly used in oil field applica- 
tions such as oil well cement jobs. Portland cements can be 
tailor-made for the specific conditions of each well. A 
description of the state of the art in oil well cementing 
technology is given in Basic Cementing, Petroleum Pub- 
lishing Co., 1977 (reprinted from a series of articles appear- 
ing in the Oil and Gas Journal) and Rike, J. L. ( et al, Squeeze 
Cementing: State of The Art, Journal of Petroleum 
Technology, (January 1982), pp. 37-45. 

Formulation of the cement in the field is largely a product 
of trial and error by field personnel to meet irregularities in 
the cementing composition and the downhole environment. 
Cement quality control is difficult to achieve under such 
conditions. As a result, Portland cement can exhibit prema- 
ture set-up, cracking, or shrinking upon curing. This feature 
of Portland cement limits its usefulness in wellbore treat- 
ments to repair leaks in wellbore casing or tubing by 
plugging the tubing/casing pair annulus. Use of other avail- 
able methods to remedy leaking wellbore tubulars, including 
workovers and redrilling, can be extremely cumbersome and 
expensive. 

U.S. Pat. No. 4,730,674, issued Mar. 15, 1988 to Burdge 
et al., noted that a wellbore treatment process was needed for 
preventing or repairing leaking tubulars which was both 
economically and operationally attractive. Burdge et al. 
further noted that a process was needed which effectively 
employed a plugging material having a broad range of 
highly controllable and predictable set-up limes for ease of 
operation and design. Burdge et al. even further noted that 
a process was needed which employed a plugging material 
which was not as susceptible as Portland cement to shrink- 
ing and cracking when applied to a tubing/casing annulus in 
a wellbore. 

In an effort to overcome the deficiencies of the prior art 
and to fulfill the perceived needs. U.S. Pat. No. 4,730,674 
discloses the use of a water soluble carboxylate crosslinking 
polymer along with a chromic carboxylate complex 
crosslinking agent in the plugging of a tubing/casing annulus 
in a wellbore, and at column 2, lines 30-35, specifically 
teaches away from the use of solids in the plugging fluid 
injected into the wellbore. 

Thus, while U.S. Pat. No. 5,377,760, issued Jan. 3, 1995 
to Merrill discloses addition of fibers to an aqueous solution 
of partially hydrolyzed polyacrylamide polymer, with sub- 
sequent injection into the subterranean to improve 
conformance, the performance requirements of conform- 
ance improvement treatment polymers are so different from 
those of polymers for plugging an abandoned well, that such 
would not necessarily work for plugging tubing/casing 
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annulus. Furthermore, Burdge et al. leach away from injec- 
tion a solid containing polymer into the wellbore to plug a 
tubing/casing annulus. 
Additionally, Merrill's conformance treatment. method of 

5 mixing the fibers with the polymer solution followed by 
injection, requires a multiplicity of storage and mixing 
tanks, and a metering system which must b< opcrateiduring 
the operation of the well. Specifically, a first tank will store 
a water and polymer solution, a second tank will store a 

10 water and cross-linking solution, and a third tank will be 
used to mix fibers with polymer solution from the first tank 
to create a polymer/fiber slurry. This polymer/fiber slurry is 
then metered from the third tank and combined with 
crosslinking solution metered from the second tank to the 

15 well bore. 

Thus, in spite of the advancements in the prior art, there 
still need for further innovation in the tubing/casing annulus 
plug additives. 

2{J There is need for further innovation for tubing/casing 
annulus plug additives utilizing a water soluble polymer. 

There is another need for a tubing/casing annulus plug 
additive which would allow for simplification of the mixing 
equipment. 

25 These and other needs in the art will become apparent to 
those of skill in the art upon review of this specification, 
including its drawings and claims. 

SUMMARY OF THE INVENTION 

30 It is an object of the present invention to provide for 
further innovation in tubing/casing annulus plug additives. 

It is an another object of the present invention to provide 
for further innovation for tubing/casing annulus plug addi- 

3S uves utilizing a water soluble polymer. 

It is even another object of the present invention to 
provide for a tubing/casing annulus plug additive which 
would allow for simplification of the mixing equipment. 
These and other objects of the present invention will 

40 become apparent to those of skill in the art upon review of 
this specification, including its drawings and claims. 

According to one embodiment of the present invention 
there is provided a tubing/casing annulus plug additive 
comprising a dry mixture of water soluble crosslinkable 

45 polymer, a crosslinking agent, and a reinforcing material 
selected from among fibers and comminuted plant materials. 
In preferred embodiments, the polymer is an a carboxylate- 
containing polymer and the crosslinking agent is a chromic 
carboxylate complex. In other preferred embodiments, the 

50 reinforcing material may comprise hydrophobic fibers 
selected from among nylon, rayon, and hydrocarbon fibers, 
and/or hydrophilic fibers selected from among glass, 
cellulose, carbon, silicon, graphite, calcined petroleum coke, 
and cotton fibers. The comminuted plant material is selected 

55 from the group of comminuted plant materials of nut and 
seed shells or hulls of almond, brazil, cocoa bean, coconut, 
cotton, flax, grass, linseed, maize, millet, oat, peach, peanut, 
rice, rye, soybean, sunflower, walnut, and wheat; rice tips; 
rice straw; rice bran; crude pectate pulp; peat moss fibers; 

60 flax; cotton; cotton 1 inters; wool; sugar cane; paper; bagasse; 
bamboo; corn stalks; sawdust; wood; bark; straw; cork; 
dehydrated vegetable matter; whole ground com cobs; corn 
cob light density pith core; com cob ground woody ring 
portion; corn cob chaff portion; cotton seed stems; flax 

65 stems; wheat stems; sunflower seed stems; soybean stems; 
maize stems; rye grass stems; millet stems; and mixtures 
thereof. 
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According to another embodiment of the present 
invention, there is provided a method of forming a tubing/ 
casing annulus plug fluid. The method generally includes 
taking the above tubing/casing annulus plug additive and 
contacting it with water or other aqueous solution. 

According to even another embodiment of the present 
invention, there is provided a method of preventing plugging 
a tubing/casing annulus. The method generally includes 
contacting the above described tubing/casing annulus plug 
additive with water or an aqueous solution to form a 
tubing/casing annulus plug fluid. The method then includes 
injecting the tubing/casing annulus plug fluid into the wcll- 
bore. 

These and other embodiments of the present invention 
will become apparent to those of skill in the art upon review 
of this specification and claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The tubing/casing annulus plug additive of the present 
invention includes polymer, cross-linking agent and either 
fibers or comminuted particles of plant materials. In a 
preferred embodiment of the present invention, the tubing/ 
casing annulus plug additive is a dry mixture of polymer, 
cross-linking agent and either fibers or comminuted particles 
of plant materials. 

The present invention provides a wellbore treatment 
additive, fluid and process for plugging a tubing/casing 
annulus in a wellbore in communication with a subterranean 
hydrocarbon-bearing formation. The process is particularly 
applicable to injection or production wells in oil fields 
wherein the tubing and/or casing have developed leaks 
which enable undesirable flow of fluids into, out of, or 
vertically through the annulus formed between the tubing/ 
casing. pair. Leaks in the tubing and/or casing can be caused 
inter alia by corrosion, mechanical abrasion or thread leaks. 

The leaks can result in serious operational, safety and/or 
environmental problems, especially where brines leak into 
and fill the annulus between the tubing/casing pair. The 
brines cause severe corrosion of the metal materials in the 
wellbore which ultimately can lead to loss of the well. 

The present invention prevents the unwanted vertical flow 
of fluids in the tubing/casing annulus as well as unwanted 
flow of fluids into or out of leaking tubing and/or casing in 
a cost-effective and operationally attractive manner. The 
process is applicable as a remedial treatment for existing 
leaking wells and as a preventive treatment for new or 
non-leaking wells. 

The objectives of the present invention are achieved by 
means of a plugging material comprising a tailor-made 
crosslinked polymer gel. 

"Gel" as used herein is directed to a continuous three- 
dimensional crosslinked polymeric network having an ultra 
high molecular weight. The gel contains a liquid medium 
such as water which is confined within the solid polymeric 
network. The fusion of a liquid and a solid component into 
a single-phase system provides the gel with a unique phase 
behavior. Gels employed by the present invention have 
sufficient structure so as not lo propagate from the confines 
of a plugged volume into a less permeable region of the 
formation adjoining the volume when injected into the 
volume. 

"Plugging" is a substantial reduction in permeability of a 
volume in the wellbore sufficient to prevent or inhibit fluid 
flow therelhrouah. 
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"Partially gelled" solutions are also referred to herein. A 
partially gelled solution is at least somewhat more viscous 
than an uncrosslinked polymer solution such that it is 
incapable of entering a less permeable region where no 

5 treatment is desired, but sufficiently fluid such that it is 
capable of displacement into a desired treatment zone. The 
crosslinking agent of the partially gelled solution has reacted 
incompletely with the polymer with the result that neither all 
of the polymer nor all of the crosslinking agent in the 

10 gelation solution is totally consumed by the crosslinking 
reaction. The partially gelled solution is capable of further 
crosslinking to completion resulting in the desired gel with- 
out the addition of more crosslinking agent. 
"Crosslinked to completion" means that the gel compo- 

15 sition is incapable of further crosslinking because one or 
both of the required rcactants in the initial solution are 
consumed. Further crosslinking is only possible if cither 
polymer, crosslinking agent, or both are added to the gel 
composition. 

20 The preferred gel of the present invention contains a high 
molecular weight, water-soluble carboxy late-containing 
polymer, a chromic carboxylate complex crosslinking agent, 
and fibers and/or comminuted plant material. 

The gel is generally prepared by forming in any order, by 
any suitable method and with type of equipment, a uniform 
gelation solution of the polymer, crosslinking agent, and 
fibers and/or comminuted plant material. In a preferred 
embodiment, the gel is prepared by contacting a dry mixture 
of the polymer, crosslinking agent and fibers and/or com- 
minuted plant material, with water or an aqueous solution. 

Once the solution is formed, the method of the present 
invention includes injecting the solution into the annulus 
between a tubing/casing pair in a wellbore penetrating a 
35 hydrocarbon-bearing formation. The gelation solution is 
gelled to substantial completion in the annulus thereby 
plugging the annulus. 

The gelation solution may be advantageously designed to 
be at least partially gelled by the time it reaches the annulus 
40 to inhibit or prevent its propagation into a less permeable 
material, which may adjoin the casing where no plugging is 
desired, such as a formation matrix. The gelation solution 
sets up in the annulus without requiring the further injection 
of any additional components. The gel is a continuous 
45 single-phase material which substantially plugs the annulus. 
After the treatment, the well may be returned to normal 
operation. 

The process provides distinct advantages over processes 
known in the art. The gelation solution, as initially injected 

50 into the well-bore, is a uniform nonviscous liquid solution 
prepared at the surface. The resulting gel forms a tenacious 
chemical bond with the tubular surfaces and is substantially 
impermeable to formation fluids. The gel is designed to be 
non-flowing to the maximum Theological stress of the 

55 system, which enables it to substantially resist displacement 
from the annulus during oil recovery operations. Yet, the gel 
is not so strong that placement of the gel in the annulus 
precludes subsequent tube pulling or workover operations in 
the wellbore. The gel is substantially permanent and resis- 

60 tam to degradation in the subterranean environment. 
However, if subsequent removal of the gel from the annulus 
is desired, it can be dissolved by an external solvent, such as 
solutions of sodium hypochlorite, hydrogen peroxide, or any 
other suitable peroxo compound. 

65 The cementing gel employed in the present invention 
possesses a broad range of highly controllable and predict- 
able set-up limes and strengths. The process is applicable to 
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a broad range of temperatures, salinities, rock formations, Any crosslinking agent suitable for use with the selected 

and environments. The practitioner can customize or tailor a polymer may be utilized in the practice of the present 

gel for specific operational constraints, downhole character- invention. Preferably, the crosslinking agent utilized in the 

istics and subsequent performance demands. One can pre- present invention is a chromic carboxylate complex, 

determine the gelation rate and resultant gel strength and 5 The term "complex" is defined herein as an ion or 

stability which are required of a gel to meet the performance molecule containing two or more interassociated ionic, 

demands in the wellbore. Thereafter, a cementing gel having rad i ca i or molecular species. A complex ion as a whojc has 

the required predetermined properties is produced under a distinct electrical charge while a complex molecule is 

controlled conditions at the surface by utilizing observed electrically neutral. The term "chromic carboxylate com- 

correlations between specific controllable gelation param- 10 p i cx » encompasses a single complex, mixtures of complexes 

eters and resultant gel properties. containing the same carboxylate species, and mixtuxs of 

Any suitable relative amounts of the polymer, crosslink- complexes containing differing carboxylate species, 

ing agent and either fibers or comminuted particles of plant The chromic carboxylate complex useful in the practice of 

materials may be utilized in the present invention provided me present invention includes at least one or more electrop- 

that the desired tubing/casing annulus plug results are 15 0 sitive chromium III species and one or more electronega- 

achieved. Generally, the fibers or comminuted particles will tive carboxylate species. The complex may advantageously 

comprise in the range of about 1 to about 99 weight percent, ^ contain one or more electronegative hydroxide and/or 

preferably in the range of about 25 to about 90 weight oxygen species. It is believed that, when two or more 

percent, more preferably in the range of about 50 to about 80 chromium III species are present in the complex, the oxygen 

weight percent, and even more preferably in the range of 20 0 r hydroxide species may help to bridge the chromium III 

about 70 to about 75 weight percent, all based on the total species. Each complex optionally contains additional spe- 

withof the polymer, fibers and particles. A suitable amount c i es which are not essential to the polymer crosslinking 

of crosslinking agent is provided to reach the desired amount function of the complex. For example, inorganic mono- 

of crosslinking. Suitable amounts of dispersants, retarders, ana y 0 r divalent ions, which function merely to balance the 

accelerants, and other additives may be provided as neces- 25 electrical charge of the complex, or one or more water 

sary or desired. molecules may be associated with each complex. Non- 

The polymer utilized in the practice of the present inven- limiting representative formulae of such complexes include: 

tion is preferably water soluble and must be capable of being [Cr 3 (CH 3 C0 2 ) (S (OH) 2 ] 1+ ; 

pumped as a liquid and subsequently crosslinked in place to [Cr 3 (CH 3 C0 2 ) 6 (OH) 2 ]N0 3 «6H 2 0; 

form a substantially non-flowing crosslinked polymer which r ^ r ^.q v /qjtv t3+. anc j 

has sufficient strength to withstand the pressures exerted on r ^ru Vn wnu vrurn \ mu n 

it. Moreover, it must have a network structure capable of L^r 3 ^H 3 cu 2 ;^UHMUH 3 ou 2 )3WH 2 u 

incorporating reinforcing fibers. "Tnvalent chromium and "chromic ion are equivalent 

„„., . , , , , , , terms encompassed by the term "chromium III species as 

While any suitable water soluble polymer may be utilized, 35 usec j herein 

the preferred polymer utilized in the practice of the present ^ carbo lale ies are advantage ously derived from 

invention is a carboxylate-containing polymer. This pre- waIer . soluble ^ of carboxylic acidS) especially low 

ferred carboxylate-containing polymer may be any molecular weight mono . basic acids . Carboxylate species 

crosslinkable, high molecular weight, water-soluble, syn- frQm ^ of formiCt ioaiCj and , aclic 

thetic polymer or biopolymer containing one or more car- 40 ^ derivatives thereof and mixtures thereof are 

oxy a e species. preferred. The preferred carboxylate species include the 

The average molecular weight of the carboxylate- following water-soluble species: formate, acetate, 
containing polymer utilized in the practice of the present propionate, lactate, substituted derivatives thereof, and mix- 
invention is in the range of about 10,000 to about 50,000, tu res thereof. Acetate is the most preferred carboxylate 
000, preferably in the range of about 100,000 to about 45 species. Examples of optional inorganic ions include 
20,000,000, and most preferably in the range of about sodium, sulfate, nitrate and chloride ions. 
200,000 to about 15,000,000. A hosl of complexes of the type described above and their 

Biopolymers useful in the present invention include method of preparation are well known in the leather tanning 

polysaccharides and modified polysaccharides. Non- art. These complexes are described in Shuttleworth and 

limiting examples of biopolymers are xanthan gum, guar so Russel, Journal of the Society of Leather Trades* Chemists, 

gum, carboxymethylcellulose, o-carboxychitosans, "The Kinetics of Chrome Tannage Part I./* United Kingdom, 

hydroxyethylcellulose, hydrox ypropy Ice llu lose, and modi- 1965, v. 49, p. 133-154; "Part III./' United Kingdom, 1965, 

fied starches. Non-limiting examples of useful synthetic v. 49, p. 251-260; "Part IV.," United Kingdom, 1965, v. 49, 

polymers include acrylamide polymers, such as p. 261-268; and Von Erd man, Das Leder, "Condensation of 

polyacrylamide, partially hydrolyzed polyacrylamide and 55 Mononuclear Chromium (III) Salts to Polynuclear 

lerpolymers containing acrylamide, acrylate, and a third Compounds,'* Eduard Roether Verlag, Darmstadt Germany, 

species. As defined herein, polyacrylamide (PA) is an aery- 1963, v, 14, p. 249; and incorporated here'in by reference, 

lamide polymer having substantially less than 1% of the Udy, Marvin J., Chromium. Vblume 1: Chemistry of Chro- 

acrylamide groups in the form of carboxylate groups. Par- mium and its Compounds. Reinhold Publishing Corp., N.Y, 

tially hydrolyzed polyacrylamide (PHPA) is an acrylamide 60 1956, pp. 229-233; and Cotton and Wilkinson, Advanced 

polymer having at least 1%, but not 100%, of the acrylamide Inorganic Chemistry 3rd Ed., John Wiley and Sons, Inc., 

groups in the form of carboxylate groups. The acrylamide N.Y., 1972, pp. 836-S39, further describe typical complexes 

polymer may be prepared according to any conventional which may be within the scope of the present invention and 

method known in the art, but preferably has the specific are incorporated herein by reference. The present invention 

properties of acrylamide polymer prepared according to the 65 is not limited to the specific complexes and mixtures thereof 

method disclosed by U.S. Pat. No. Re. 32,114 to Argabrighl described in the references, but may include others salisfy- 

et al incorporated herein by reference. ing the above-slated definition. 
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Sails of chromium and an inorganic monovalent anion, 
e.g., CrCB, may also be combined with the crosslinking 
agent complex to accelerate gelation of the polymer 
solution, as described in U.S. Pat. No. 4,723,605 to Sydansk, 
which is incorporated herein by reference. 5 

The molar ratio of carboxylate species to chromium III in 
the chromic carboxylate complexes used in the process of 
the present invention is typically in the range of 1:1 to 3.9:1. 
The preferred ratio is range of 2:1 to 3.9:1 and the most 
preferred ratio is 2.5:1 to 3.5:1. 

The additive of the present invention may comprise fibers 10 
or comminuted particles of plant materials, and preferably 
comprises comminuted particles of one or more plant mate- 
rials. 

Fibers suitable for use in the present invention are 
selected from among bydrophilic and hydrophobic fibers. 15 
Incorporation of hydrophobic fibers will require use of a 
suitable welting agent. Preferably, the fibers utilized in the 
present invention comprise hydrophilic fibers, most prefer- 
ably both hydrophilic and hydrophobic fibers. 

With respect to any particular fiber employed in the 20 
practice of the present invention, it is believed that the 
longer the fiber, the more difficult it is to be mixed uniformly 
in solution. It is believed that fibers as long as 12,500 
microns may lend to aggregate and form clumps. The shorter 
the fiber, it is believed the easier it is to mix in solution. On 25 
the other hand, the shorter the fiber, the greater the quantity 
necessary to provide the desired level of strength in a 
reinforced mature gel. In general, the fibers utilized in the 
present invention will have a length in the range of 100 
microns to 3200 microns, preferable 100 microns lo 1000 30 
microns. 

Non-limiting examples of suitable hydrophobic fibers 
include nylon, rayon, hydrocarbon fibers and mixtures 
thereof. 

Non-limiting examples of suitable hydrophilic fibers 35 
include glass, cellulose, carbon, silicon, graphite, calcined 
petroleum coke, cotton fibers, and mixtures thereof. 

Non-limiting examples of comminuted particles of plant 
materials suitable for use in the present invention include 
any derived from: nut and seed shells or hulls such as those 40 
of peanut, almond, brazil, cocoa bean, coconut, cotton, flax, 
grass, linseed, maize, millet, oat, peach, peanut, rice, rye, 
soybean, sunflower, walnut, wheat; various portions of rice 
including the rice lips, rice straw and rice bran; crude pectate 
pulp; peal moss fibers; flax; eolton; cotton linters; wool; 45 
sugar cane; paper; bagasse; bamboo; com stalks; various 
tree portions including sawdust, wood or bark; straw; cork; 
dehydrated vegetable matter (suitably dehydrated carbonhy- 
drates such as citms pulp, oatmeal, tapioca, rice grains, 
potatoes, carrots, beets, and various grain sorghams); whole 50 
ground corn cobs; or various plant portions the corn cob 
light density pith core, the corn cob ground woody ring 
portion, ihe corn cob coarse or fine chaff portion, cotton seed 
stems, flax stems, wheat stems, sunflower seed stems, soy- 
bean stems, maize stems, rye grass stems, millet stems, and 55 
various mixtures of ihese materials. 

Optionally, dispersant for comminuted plant material will 
be utilized ihe in the range of about I lo about 20 pounds, 
preferably in ihe range of about 5 to about 10 pounds, and 
more preferably in the range of about 7 lo about 8 pounds of 60 
dispersant may be utilized per pound of comminuted plant 
material. A non-limiting example of a suitable dispersant is 
NaCl. 

Preferred comminuted materials useful in the practice of 
Ihe present invention include those derived from peanuts, 65 
wood, paper any portion of rice seed or plant, and any 
portion of corn cobs. 
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These various materials can be comminuted to very fine 
particle sizes by drying the products and using hammer 
mills, cutter heads, air control mills or other comminution 
methods as is well known to those of skill in ihe commi- 
nution an. Air classification equipment or other means can 
be used for separation of desired ranges of particle sizes 
using techniques well-known in the comminution art. 

Any suitable size of comminuted material "may beutilized 
in the present invention, along as such size produces results 
which are desired. In most instances, the size range of the 
comminuted materials utilized herein will range from below 
about 8 mesh ("mesh" as used herein refers to standard U.S. 
mesh), preferably from about -65 mesh to about -100 mesh, 
and more preferably from about -65 mesh to about -85 
mesh. Specifically preferred particle sizes for some materi- 
als are provided below. 

Preferred mixtures of comminuted materials useful in the 
practice of the present invention include a rice fraction and 
peanut hulls; a rice fraction and wood fiber and/or almond 
hulls; a rice fraction and a corn cob fraction, preferably a 
chaff portion; and a corn cob fraction, preferably a pith or 
chaff portion, a rice fraction, and at least one of wood fiber, 
nut shells, paper and shredded cellophane. 

Rice is commercially available in the form of rice hulls, 
rice tips, rice straw and rice bran, as these various parts of 
the rice plant are separated commercially and are widely 
available from rice mills. Preferably, the size range of the 
rice fraction utilized herein will range fr below about 8 
mesh ("mesh" as used herein refers to .andard U.S. mesh), 
preferably from about -65 mesh to aoout -100 mesh, and 
more preferably from about -65 mesh lo about -85 mesh. 

After the com kernels are removed, corn cobs consist of 
four principle parts that are arranged concentrically. The 
central portion is a very light density pith core, that is 
surrounded by a woody ring, that in turn is surrounded by a 
coarse chaff portion, lhat in turn is covered by a fine chaff 
portion. The coarse and fine chaff portions form the sockets 
for anchoring the corn kernels to the corncob. The normal 
methods of grinding corncobs produce a mixture of all four 
parts enumerated above. It is possible, however, to separate 
the woody ring material from the remainder of the cob. The 
chaff portion of the corncob remaining after removal of the 
woody ring material is known as "bees wings". In the 
present invention, any of the pith or chaff portionsO'BPC) 
are the preferred portions of the corn cob, with the chaff 
portions being more preferred. A range of particle sizes of 
pith and chaff can be obtained from comminution, but the 
size range smaller than about 8 mesh is suitable for this 
invention. Preferably, a particle size distribution ranging 
from smaller than 8 mesh to smaller than 100 mesh is 
utilized. 

Preferred woods for use as comminuted materials in the 
present invention include any type of hard wood fiber, 
including cedar fiber, oak fiber, pecan fiber and elm fiber. 
Preferably the wood fiber comprises cedar fibers. 

Preferred nut shells for use in the present invention 
include pecan, walnut, and almond. Preferably, the nut shells 
comprise at least one of pecan or walnut shells. 

Preferred particle sizes for the wood fibers, nut shells, 
paper and cellophane will generally range from about +10 
mesh to -100 mesh. An illustration of a non-limiting particle 
size distribution for these materials would include particles 
of +10 mesh, +20 mesh, +30 mesh, +50 mesh, +60 mesh, 
+ 100 mesh, and -100 mesh. 

For one of the preferred comminuted plan! mixtures 
comprising a corn cob fraction, a rice fraction, and at leasi 
one of wood fiber, nut shells, paper and shredded cellophane. 



10/16/2003, EAST Version: 1.04.0000 



9 



US 6,218,343 Bl 



10 



I^JCS^ W " ! f n£raIly C ° mpriSe iD ' he raDgC ° f ab ° m 5 enable "mptaion of .he reaction within a reasonable period 
.o about 95 weight percent nee. in the range of about 5 to of time so that tbe well may be activated afieX IS 
about 95 weight percent corncob pith or chaff, with the total job. u aner me plugging 

°l W °° d fiber ' grOUDd nUt sheUs ' ground P 1 ?" and 7116 soIu,ion ™»y be substantially ungclled before reach- 
shredded cellophane comprising in the range of about 5 to 5 ing the annulus. However, at least partial gelation of the 
about 95 weight percent (weight percent based on tbe total solution may be advantageous before the solution reaches 
weight of plant material in the mixture. Preferred ranges are me annulus being plugged. Partial gelation prevents the 
about 20 to about 75 weight percent rice, about 5 to about solution from penetrating permeable rock- in fluid eemmu- 
35 weight percent corncob pith or chaff, with the total of nication with the annulus. Substantial penetration of perme- 
ground wood fiber, ground nut shells, ground paper and to able If** bv lne solution and its ensuing permeability 
shredded cellophane comprising in the range of about 20 to reduction may be counterproductive to the plugging of the 
about 75 weight percent. More preferred ranges are about 30 annulus. ^ solution advantageously gels to completion in 
to about 50 weight percent rice, about 10 to about 30 weight annulus. The values of the independent variables in the 
percent corncob pith and chaff, with the total of ground P wcess carefully selected to achieve a gelation rate 
wood fiber, ground nut shells, ground paper and shredded is the * c " teria - ... 

cellophane comprising in the range of abom 25 to about 50 fi,^ ™fT . ? | n J ccted , m, ° uc weIlborc « * 

weight percent hc Volume of ,he aanulus to 06 Plugged- One 

As these comminuted materials are to be added to a water S^^n^ufh^™ ™ of 8*1 

base tubing/casing annulus plug fluid, a small amount of oil Smion £ S^S^ £?i5iK 

may optionally added to the mixture. This optional oil is 20 means such as packers and the like 

f n »S ii dded - WhiIe P 1 ? 0 ' ma,erials are bein e mixed The injection rale is a function of the gelation rate and 

whe e ,h^n "IT 8 i ake P ' aCe m 3 blender ' operil,ional conslrainls of in j ecti °n P««" a °d pump ng 
where .be oil ,n the required amount is apphed by a spray limits. The required injection rate is fixed such that M of thf 

whi^ Z W hC P , a ? CleS ad ^ !° ^ 1Ubricity SO,UIion caD be P ractica «y "* cted i»to .he annulus before 
while at .he same time helping to control dust produced by is it becomes unpumpable. The gelation time of the gel ranges 

^^^^^•^y 0 ^^^^ ff0m near eous up .L 8 hourfor ongef I^nge 

S C f of £ es f nt invenllon "> concentrations generally gelation times are limited by practical considerations of lost 

^ ^J«n««o «boul 5 percent by weigh. produc.ion when injection a'nd production wells re shu ta 

bued oD the total weigh, of the mixture of comminuted Gels having a predetermined gelation rate and resultant 

matenals, more preferably ranging from about 1 percent to 30 gel properties to meet the demfnds of a given will are 

ncluS ISOPAR v ' ».fl,M f m p 6 Pfe A em mVen " 0n C ° nditi0nS as ,he * corre,ate ,0 lhe 8 elati ° n «*«> a °° gel 
includes ISOPAR V, available from Exxon Corporate. properties. Accordingly the gels are produced in a manner 

miS Z'ZKr Lr PreSen ' . tavemi ?°. m »r be which rende * ">«» -«nsi,ive to most extreme formation 

kno™ n hn^ f h n ? 3? m T 8 technl 1 ues as 35 conditions. The gels can be stable a. formation temperatures 

known to those in the an, including dry mixing of the as high as 130° C. or more and at any formation pH 

various components prior to addition to water, or contemplated. The gels are relatively insensitive to me 

agent may be utilized as a solution. Most preferably, the and chemicals employed in cementing operations The eels 

T^T* miXed i0 dry form> and ' heD °° n - <° can be employedin'carbonate and^aSne s uSa Tnd 
.acted with water or aqueous solution to form a tubing/ unconsolidated or consolidated straia having varying min- 

fluid is Ten Z! , 'f^f 08 anoulus P' u 6 ™^V- Once the gels are in place, i, is extfemeFy difficult 

f fa nn" , Wel if S 15 kn ,° WD iD ' he art - 'displace thegelsbyphysicalorchemicalmeansotherthan 

hrnL „ „ PP f , ° ne Can j ,f0dUCe gC,S acr0SS a very tolal destru ="'on of the crosslinked network. The gels may be 

o he X-I 8 e,all0 H n f alesa " d 8 eI P r °P«ties a sa function 45 reversible on contact with hydrogen peroxide g or sodium 

o luiSn.*^ .™ h Tf h TbUS ' '° effeCt I" ° P ' imUm h yP° chl0 "' e . but are substantially insoluble in the formation 

plugging job according to the present process, the practitio- fluids 

r^utonfpd"*!^ f ?i aU H° n "? K Pf0per,ieS ° f ' he 71,6 pf0CesS fa a PP' icable 10 mosl °« fiel ° having a 

resultant gel which meet the demands of the given wellbore tubing string within a cased wellbore. The process is 

llt^l T S ,ne e e ' " av i"g 'hese predetermined 50 employed as a remedial treatment process in wellbores 

2u pS.ET' ^ ^ 6 We ' Ib0re inC ' Ude 1,16 in haVing ' eakin 8 tubu,:lre to dis P' ace "n^nted brine from ° te 
situ gelauon conditions such as temperature, connate water tubing/casing annulus. The process also prevents the subse! 

XS, J* ' r ! a,menl V ° IUme> ' he preSSUre dr ° P t)Uenl en ^ a chm«. of brine into the annulus. The process 

h v t JO,mng ma ' nX 35 Wdl " ' he P0S1 fa em P ,o y ed 35 a P reventive '« a 'men. process in new 

ToTT ^ ?* lnjeCUOn a " d P roduc,ion P res - « °f non-leaking wellbores .o preclude brine from entering the 

aires. Analytical methods known to one skilled in the art are annulus should tubular leaks subsequently develop 

used to determine these demands which provide cri.eria to The strength of .he gel can vary from an elastic jelly-like 

fhe tlnTrn £a ,0 k ra,C a H d reSU " am gCl Pr0perUeS in ma ' erial 10 3 ri e ,d ™ bb «-^e material depending upon he 

the manner described above and continuing hereafter. performance demands of the wellbore. The gel is designed 

lhe gelation ra.e ,s advantageously sufficiently slow to 60 to be sufficien.lv s.rong no. to flow under the maximum 

enable preparat.on of .he gela.ion solution at the surface and rheological stress encountered in flow conduits of the weT 

S« t SO ' U "° n 1 as . a uniform slu e in, ° lhe w *'l°°re bore. Yet. the gel is advantageously not so strong that the 

f nn n„ - faP 3 ^ , ra ' e Pr ° dUCeS CXCeSSiVe geU - tubi " S canno1 be subsequently pulled after tref.men. if 

Z llvT ,T u 1 T SUrfaC£ Wh,C , h rCSUUS " 2 S ° 1U,i0n deSired ' ^""'"^ oC lhe '"bing can be facilitated by initially 

£n„r y , . f ' h ""T ble ' 10 ^ im ° * he 65 coali "S 'he tubular surfaces to contact the gel wi,h a friction 

annulus to be plugged due to its rheolog.cal properties. At reducing material, such as Teflon, plastic or grease prior to 

the same time, the gelauon rate mus. be sufficiently rapid to applying the process of the present invention 
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Stronger rigid gels are generally preferred where extreme 
drawdown pressures are encountered during production of a 
well or where extreme injection pressures are encountered 
during injection of fluids into a well which could cause a 
weak gel to fail. PA is often preferred for such formulations 
because it has a slower gelation rate than PHPA which 
enables one to inject it into a volume before it sets up. 

While the illustrative embodiments of the invention have 
been described with particularity, it will be understood that 
various other modifications will be apparent to and can be 
readily made by those skilled in the art without departing 
from the spirit and scope of the invention. Accordingly, it is 
not intended that the scope of the claims appended hereto be 
limited to the examples and descriptions set forth herein but 
rather that the claims be consumed as encompassing all the 
features of patentable novelty which reside in the present 
invention, including all features which would be treated as 
equivalents thereof by those skilled in the art to which this 
invention pertains. 

I claim: 

1. A method for plugging a tubing/casing annulus formed 
between a casing and a tube internal to the casing in a 
wellbore in fluid communication with a subterranean 
hydrocarbon -bearing formation, the method comprising: 

(a) providing a tubing/casing annulus plug additive com- 
prising a dry mixture of water soluble crosslinkable 
polymer, a crosslinking agent, and a reinforcing mate- 
rial selected from among fibers and comminuted plant 
materials, wherein the dry mixture will upon contact 
with water or an aqueous solution form a gelation 
solution; 

(b) contacting the tubing/casing annulus plug additive 
with water or an aqueous solution to form a tubing/ 
casing annulus plug fluid; 

(c) injecting the tubing/casing annulus plug fluid into the 
annulus; and 

(d) crosslinking said fluid to substantial completion in 
said annulus to substantially plug said annulus. 

2. The method of claim 1 wherein the polymer is an a 
carboxylate-containing polymer and the crosslinking agent 
is a chromic carboxylate complex. 

3. The method of claim 1 wherein the reinforcing material 
comprises hydrophilic and hydrophobic fibers. 
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4. The method of claim 2 wherein the hydrophobic fibers 
comprise at least one selected from the group of hydropho- 
bic fibers consisting essentially of nylon, rayon, and hydro- 
carbon fibers, and wherein the hydrophilic fibers comprise at 

s least one selected from the group of hydrophilic fibers 
consisting essentially of glass, cellulose, carbon, silicon, 
graphite, calcined petroleum coke, and cotton fibers. 

5. The method of claim 1 wherein the reinforcing material 
comprises comminuted plant material. 

10 6. The method of claim 5 wherein the reinforcing material 
comprises at least one comminuted material selected from 
the group of comminuted plant materials consisting essen- 
tially of nut and seed shells or hulls of almond, brazil, cocoa 
bean, coconut, cotton, flax, grass, linseed, maize, millet, oat, 

15 peach, peanut, rice, rye, soybean, sunflower, walnut, and 
wheat; rice tips; rice straw; rice bran; crude pectate pulp; 
peat moss fibers; flax; cotton; cotton lintcrs; wool; sugar 
cane; paper, bagasse; bamboo; corn stalks; sawdust; wood; 
bark; straw; cork; dehydrated vegetable matter; whole 

20 ground corn cobs; corn cob light density pith core; corn cob 
ground woody ring portion; corn cob chaff portion; cotton 
seed stems; flax stems; wheat stems; sunflower seed stems; 
soybean stems; maize stems; rye grass stems; millet stems; 
and mixtures thereof. 

25 7. The method of claim 1 wherein the polymer is a 
partially hydrolyzed polyacrylamide. 

8. The method of claim 7 wherein the reinforcing material 
is a comminuted material selected from among comminuted 
materials derived from peanuts, wood, paper any portion of 

30 rice seed or plant, any portion of corn cobs, and mixtures 
thereof. 

9. The method of claim 8 wherein the additive further 
includes cellophane, and wherein the reinforcing material is 
a comminuted material selected from among mixtures of 

35 comminuted rice fraction and peanut hulls; mixtures of 
comminuted rice fraction, and wood fiber or almond hulls; 
mixtures of comminuted rice fraction and corn cob fraction; 
and mixtures of comminuted rice fraction and corn cob 
fraction and at least one of wood fiber, nut shells, and paper. 

40 10. The method of claim 9 wherein the reinforcing 
material comprises comminuted mixture of rice fraction, 
corn cob pith and chaff, cedar fiber, nut shells, and paper. 

+ * ♦ * * 
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